The influence of interfirm social networks on technological innovation has been extensively studied in the previous literature. However, there are conflicting empirical results across past studies. To reveal the actual correlation and the influencing factors of the relationship between interfirm social networks and technological innovation, this study conducts a meta-analysis. The meta-analysis includes 56 evidence-based studies, 321 effect sizes, and 134,098 sample firms in total. According to social capital theory and the network properties, we classify the interfirm social network measuring constructs into three and five variables, respectively. The actual correlation between each variable and technological innovation and the heterogeneity of the correlation values are obtained. Additionally, the results of this study show that there is a significant time lag effect of interfirm social networks on technological innovation. Moreover, the results of the meta-analysis confirm that regional differences and industrial differences both have a significant moderating effect on the relationship between interfirm social networks and technological innovation.
I. INTRODUCTION
Since the introduction of the theory of innovation by Schumpeter [1] , the relationships between external links and innovation has been widely discussed [2] , [3] . One nature of a firm is that the outside costs such as demand information cannot be eliminated [4] . Hence, no firm is an ''island'', which means that firms have always been connected with other parts outside the firm. Additionally, firms' survival and development are always influenced by these connections [5] .
With respect to the question of how to understand the connections between firms and the real world, and how these connections affect the survival and development of firms, there is already a lot of research and achievements. The relationship between interfirm social networks and technological innovation is an essential part of these studies [6] . With regard to the mechanism of the influence of interfirm social networks on technological innovation, many different and interrelated theories have been constructed. Concepts in social network theory such as strong and weak ties, direct and indirect ties, formal and informal ties, local and global positions, and
The associate editor coordinating the review of this manuscript and approving it for publication was Justin Zhang. structural holes provide the basis for explaining the flow of information, knowledge, and resources between firms. Therefore, social networks can be combined with innovationrelated theories such as absorptive capacity, dynamic capabilities, and open innovation.
For example, von Hippel's study believes that the informal proprietary know-how trading behavior can be characterized as an informal trading network, which is helpful to predicting who will be an innovator [7] . Burt [8] stated that innovation demands and opportunities spring up everywhere, and the information benefits of a network define which firms know about these innovation opportunities and which firms with optimally structured networks enjoy higher rates of return on their investments. Powell et al. [9] suggests that the locus of innovation will be found in learning networks rather than in individual firms. Hargadon and Sutton [10] explained how an organization develops innovative products by blending the network and organizational memory perspectives. Dyer and Singh [11] proposed that a firm's critical resources may span firm boundaries and may be embedded in interfirm resources and routines. In recent studies, Vanhaverbeke [12] considers that open innovation is almost by definition related to the establishment of ties by innovating firms with other VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ organizations, and Chesbrough summarized that ''networks shape open innovation'' [13] . However, previous empirical research results on the relationship between interfirm social networks and technological innovation are quite different. For example, some studies believe that the improvement of network centrality is conducive to the improvement of technological innovation performance [14] , but other studies believe that the costs of improving network centrality and knowledge transfer efficiency are difficult to bear for most firms [15] . Some studies summarized the conclusions of these empirical studies and discussed their results' homogeneity and heterogeneity. Bergenholtz and Waldstrom [6] presented a large-scale systematic literature review of 12 years of research on interorganizational networks with a focus on the methodological features. A review of the research on open innovation by West and Boggers [16] suggested a four-phase model that could classify the studied papers on the relationship between external sources and open innovation. De Man and Duysters [17] review compared the different effects of mergers and acquisitions (M&As) and interfirm strategy alliances on innovation. However, to the best of our knowledge, there is no research that measures the actual effects of social networks on technological innovation using meta-analysis methods.
Another problem with studies on the relationship between interfirm social networks and technological innovation is that the role of the time lag is addressed by many innovation theories, but the treatment of the time lag in empirical research is problematic. Specifically, Mowery et al. [18] suggests that ''the extent of a firm's absorption of technological capabilities from its alliance partners will be positively related to its pre-alliance level of technological overlap with partner firms. In addition, prior knowledge underlies absorptive capacity has important implications for the development of absorptive capacity over time and, in turn, the innovative performance of organizations''. Based on this theory, in studies on the relationship between interfirm social networks and technological innovation, many researchers have set different lag periods, but the choice of the length of the lag is relatively subjective, and few studies considered the time-lag structure problem [19] .
Therefore, to address the actual impact measure of the relationship between interfirm social networks and technological innovation, the main objectives of this study include the following two aspects.
The first goal of this research is to sort out and summarize the theoretical and empirical research results of the relationship between interfirm social networks and technological innovation. The meta-analysis method is an efficient choice to achieve this goal. The nature of the theoretical progress in a field is the organic integration of multiple research findings in this field [20] . Because ''observational data cannot guarantee causality'' [21] , a single empirical study often fails to comprehensively cover the content of the problem. Additionally, due to artificial errors such as measurement and reporting errors, the results are not always reliable [20] . To make the results more reliable, a variety of artificial effects must be removed from multiple study results. Meta-analysis is a process that explores and integrates various research conclusions and corrects the artifacts.
The second goal of this study is to determine the main factors that influence the relationship between interfirm social networks and technological innovation -especially the impact of the time lag. This study uses meta-regression analysis to measure the influence of the time lag on the relationship between interfirm social networks and technological innovation. In addition, we analyze the moderating effects of region and industry on the relationship and compare the moderating effect with or without the impact of the time lag.
This study makes the following contributions. First, this study uses two classification methods to code the measurement constructs of interfirm social networks, and then we determine the actual and different influence level of different variables on technological innovation. This method is useful for comparing the different roles of different social network variables and improving the robustness of the metaanalysis. Second, this study analyze the impact of the time lag on the relationship between interfirm social networks and technological innovation, which helps to reveal the different influences of various social network variables on short-term and long-term technological innovation. Third, this study analyzes the moderating effect of regional and industrial differences on the relationship between different social network variables and technological innovation. This result is conducive to comparing the rules of innovation activities under different regional and industrial contexts.
The remainder of this article is organized as follows. To develop the hypotheses, the next section reviews several theories and summarizes the current related research on the relationship between interfirm social networks and technological innovation (Section II). Following this is the methodology, including the description of the included criteria, coding strategy, operationalization of variables, and metaanalysis strategy (Section III). Then, the results of the metaanalysis are presented (Section IV). In the last three sections, we discuss the results (Section V) of this research and finish with conclusions (Section VI) and limitations (Section VII).
II. LITERATURE REVIEW AND HYPOTHESIZES A. INTERFIRM SOCIAL NETWORKS AND TECHNOLOGICAL INNOVATION
Social network research originated from sociology. It became a hot topic in innovation studies after Burt and Powell. First, Burt [8] argued that innovation demands and opportunities spring up everywhere, and the information benefits of a network define which firms know about these innovation opportunities and which firms with optimally structured networks enjoy higher rates of return on their investments. Second, innovation theory has placed an increasing emphasis on external cooperation [22] . Drawing on knowledge-based view and absorptive capacity theory, Powell et al. [9] researched industries with complex and continually developing knowl-edge bases. He argues that when professional knowledge comes from multiple channels, technological innovation will not be completed by a single firm, but rather it will be realized in a knowledge accumulation network.
Like many other concepts in social science, the social network is not a concept with unified measurement methods and standards, but rather it is a complex construct with multiple indicators such as network centrality, network size, and network strength [23] . These variables usually cannot be directly measured. In fact, independent of the measurement error, no study's measures have perfect construct validity [20] . Some studies may consider various aspects of these constructs when making social network measurements. Therefore, classification from different perspectives can separate different results in the measurement of social networks based on existing theories. In current studies, the names of social network variables are diverse and not conducive to the meta-analysis. However, the theoretical basis of the social network variables' measurement constructs is relatively uniform. Therefore, this study uses the following two basic theories to code social network variables.
First, based on the study of Granovetter [24] and Cicourel [25] on social network theory, Nahapiet and Ghoshal [26] summarized the external basis for innovation as social capital and divided it into three constructs: the structural dimension, the relational dimension, and the cognitive dimension. Social capital theory has become one of the most important methods that is used in the measurement of social networks in current research [27] . The structural dimension mainly plays the role of providing opportunities for technological innovation activities [28] - [30] , the cognitive dimension primarily plays the role of identifying opportunities for technological innovation activities [31] , [32] , and the relationship dimension plays the role of promoting the success of technological innovation activities [33] - [35] .
Second, Wasserman and Faust [36] and Baer et al. [23] divide social network variables into the five variables of brokerage, closure, network diversity, network size, and network strength according to social networks' concepts and measurement methods. First, firms that bridge structural holes have certain innovation advantages by connecting separate groups and controlling the communication flows across them [37] . Specifically, network brokerage promotes innovation through two mechanisms. The first is that, brokerage obtains access to nonredundant information and knowledge sets. The second is that firms that bridge the brokerage can control the presentation and use of resources across contacts [38] . Second, closure has the potential to either enhance or reduce a firm's innovation [39] , [40] . Third, network diversity is a potentially invaluable resource for innovation. Network diversity typically refers to differences across a firm's network contacts' features [41] . Fourth, network size reflects the number both of direct and secondary ties and acts as a channel to access different sources of information and knowledge [42] . Fifth, network strength reflects the average strength of the relationships comprising a network. The strength of a tie increases as a function of the number and reciprocity of interactions, the affective intensity of a relationship, or the amount of time that the relationship has existed [43] .
Therefore, this study proposes the following assumptions. Hypothesis 1: Social network variables that are measured based on social capital theory have significant and heterogeneous impact on firms' technological innovation.
Hypothesis 2: Social network variables that are measured based on network properties have significant and heterogeneous impact on firms' technological innovation.
B. THE INFLUENCE OF TIME LAG
The concept of a firm's ''sustained competitive advantage'' [44] has an important impact on understanding the historical dependence of technological innovation. There are three reasons why history matters for innovation [19] . First, it is emphasized by absorptive capacity theory and the knowledge-based view that past knowledge is important to innovation [45] , [46] . Second, the ''path'' concept from dynamic capability theory states that the ''past'' is important for innovation [47] . Third, from the perspective of cultural training, market-oriented theory shows that innovation is not a one-off effort [48] , [49] . Based on above three reasons, there are two main reasons for the effect of the past interfirm social network position on current technological innovation [19] . First, the accumulation and discovery of innovation opportunities depends on the interaction of various participators in a social network. Second, the acquisition of innovative resources depends on a certain position in social networks. Hence, in studies on the relationship between interfirm social networks and technological innovation, many studies have set different time lags [50] , [51] , and studies have shown that social networks with different lag lengths have different correlations between relationships and technological innovation [19] . Therefore, this study proposes the following assumption:
Hypothesis 3: The time lag has a significant and different influence on the impacts of different interfirm social network variables on technological innovation.
C. THE MODERATED EFFECT OF REGION AND INDUSTRY
The influence of the geospatial dimension on the relationships between socioeconomic variables has been extensively studied. Innovation studies from the perspective of regional view is also an important part of innovation theory [52] . Boschma [53] argues that geographical proximity is a key factor in the interaction between learning and technological innovation. Based on value chain theory and using the concept of a national competitive advantage and the corresponding ''diamond theory'' system, Porter [54] explained why some social groups, economic organizations or countries could achieve both progress and prosperity. He argues that industry agglomeration, linkages, and support at the national level are crucial to maintaining an advantage in the international industrial competition. Some empirical studies have also supported the significant impact of regional differences in the relationship between interfirm social networks and technological innovation [55] .
Pavitt [56] studied the differences between industries in the progress of technological innovation. The results show that when making innovation decisions, the firms in a particular industry cannot fully identify and assess all of the possibilities, but only those within the social network that they can reach. Moreover, because industries have different innovation model classifications such as supplier-led innovation, userled innovation, and science-led innovation, the innovations that social networks can influence will also be altered. Hippel [7] argues that the relationships between upstream and downstream firms in each industry can be seen as a customerproducer-supplier relationship, and in various industries, different firms will play different innovative roles. Existing empirical studies have also shown the different impacts of interfirm social networks on firm innovation in different industries [28] .
Therefore, this study proposes the following assumptions. Hypothesis 4: Regional differences have a moderating effect on the impact of interfirm social networks on technological innovation.
Hypothesis 5: Industrial differences have a moderating effect on the impact of interfirm social networks on technological innovation.
III. METHODOLOGY A. DATA SOURCE, INCLUSION CRITERIA, AND CODING STRATEGY
To ensure the reliability and comprehensiveness of the literature that is used for meta-analysis, the following steps are used to search and screen the literature.
First, in the core collection of the web of science, which contains documents from 1900 to April 9, 2019, using ''innovation'' as a keyword in the ''Topic'' of documents, we found 147,601 records that were related to innovation. The reason for this operation is as follows. The data that are used in the meta-analysis are from empirical research literature. Due to the existence of issues such as outright research fraud in scientific research [57] , the quality and adequacy of these research literatures as data are necessary conditions for the deviation of the meta-analysis results [20] . However, in the era of the explosion of scientific and technological achievements, it is unrealistic to analyze and screen the soundness and credibility of each related research. Bibliometrics and citation databases provide solutions to this problem. The Science Citation Index (SCI) was the first interdisciplinary citation index for journal literature that was available for large-scale scientometric studies [58] . Combined with the development of the SSCI (Social Science Citation Index) database, the accumulation of these knowledge bases makes the Web of Science the most widely used literature search tool and makes the JCR (Journal Citation Reports) the most widely used journal quality evaluation tool [59] .
Second, since the number of documents that is obtained in the first step is too large to analyze, two methods are further used to screen the literature. First, the higher the JCR scores and discipline rankings are, the higher the reliability of the literature [60] . Therefore, by using the web result analysis function of the web of science database, we obtained the source journal information of all the above records, and we selected the documents from Q1 journals based on the quartile ranking from the JCR 2018. In these documents, the keyword ''social network * '' is used to find the records that are related to both social networks and innovation. The number of records is 1,044. Second, the number of documents that are cited is one of the most commonly used and effective indicators of literature influence and quality [61] . Therefore, in order to prevent the omission of important documents in other journals, in the records that were obtained in the first step that are not in Q1 journals, we count the number of citations of each record in the web of science. 177 records that were cited more than 30 times and were related to ''social network'' were found. As a result, we obtained 1,221 articles that were related to social networks and innovation, which were published between 1986 and 2019.
The third step is to screen the results of these 1,221 documents and to determine which records can be included in the meta-analysis. The including criteria are the following. First, the variables and data sample of the research must be at the firm level. Second, the research hypotheses must include the influence of the variables that are measured by interfirm social networks on technological innovation. Third, the research must report the sample size, Pearson correlation coefficients of the related variables and other necessary information for the meta-analysis. Finally, a total of 56 articles were obtained for the meta-analysis, which is a relative large sample in meta-analysis [20] . Among these empirical studies, 6 studies' samples are multinational, and the other 50 studies collected data from 11 different countries or regions.
In the fifth step, two authors of this study performed preliminary coding work. The coding mainly includes the research number, the sample number, the social networkrelated variable name, the technological innovation-related variable name, the time lag between the social network variables and the innovation variables, the industry, and the region of the sample firms. Then, we classified the interfirm social network-related variables. The third author compared the preliminary coding results and summarized, and adjusted the inconsistent results through further discussion. The Interrater reliability (IRR) was measured by comparing the number of times the reliability coding agrees with the total number of comparison points [62] . The agreement rate was 90% for interfirm social network-related variables' classifications and 92% for the effect size. As a result, we obtained 321 effect sizes and 134,098 sample firms in total.
B. OPERATIONALIZATION OF VARIABLES 1) EXPLANATORY VARIABLES
First, there are three factors when classified the social network variables from the perspective of social capital based on the study of Nahapiet and Ghoshal [26] .
The structural dimension refers to the overall contact between the actors whom the firm is associated with, and how the firm contacts other firms. The structural dimension can be divided into three facets: network ties, network configuration, and appropriable organization. So that we considered a measure can be classified as the structural dimension when the independent variable of the included studies is the number of ties or the network position properties of the actors (e.g. structural holes, and centrality).
The relational dimension refers to the interfirm relationships that firm developing through previous contacts. Among the key facets in relational dimension are trust and trustworthiness, norms and sanctions, obligations and expectations, and identity and identification. So that we considered a measure can be classified as the relational dimension when the independent variable of the included studies is network strength, trust level in the network, frequency of contacts, or identification.
The cognitive dimension refers to resources that provide a shared representation, interpretation, and meaning system for each social circle. Cognitive dimension can be divided into two aspects: shared language and codes, and shared narratives. So that we considered a measure can be classified as the cognitive dimension when the independent variable of the included studies is average ties per inventor, average ties per patent, award share, or network reliance for knowledge.
Second, there are five factors when classified the social network variables from the perspective of network properties based on Wasserman and Faust [36] and Baer et al. [23] study.
Network brokerage reflects the bridge between actors in the network, and firms which can be a brokerage promote innovation through obtaining access to nonredundant information and knowledge sets as well as controlling the presentation and use of resources across contacts [38] . We considered a measure can be classified as the network brokerage when the independent variable of the included studies is structural holes, or bridges.
Network closure reflects the network density and the proportion of an actor's connections in the whole network. We considered a measure can be classified as the network closure when the independent variable of the included studies is network closure, cohesion, closeness centrality, or proximity.
Network diversity refers to differences across a firm's network contacts features [41] . We considered a measure can be classified as the network diversity when the independent variable of the included studies is ego network diversity, network heterogeneity, or alliance ambidexterity.
Network size reflecting the number both of direct and secondary ties acts as a channel to access different sources of information and knowledge [42] . We considered a measure can be classified as the network size when the independent variable of the included studies is the number of links, or the degree centrality.
Network strength reflects the average strength of the relationships comprising a network. The strength of a tie increases as a function of the number and reciprocity of interactions, the affective intensity of a relationship, or the amount of time the relationship has existed [43] . We considered a measure can be classified as the network strength when the independent variable of the included studies is the number of links with repeated ties, the trust level, or the strength of the link.
2) DEPENDENT VARIABLE
We included studies that used technological innovationas the dependent variable. The measure method of innovation captures patent statistics, R&D intensity, new product development, and market performance.
3) MODERATED VARIABLE a: TIME LAG
We coded the length of the time lag between each included study's explanatory variables and dependent variables.
b: COUNTRY OR REGION
We coded the country and regions of the sample of each included studies. Some samples contains multi countries or regions, we coded them as the global group.
c: INDUSTRY
We also coded the industry of the sample of each included studies. Some samples contains multi industries, we coded them as the multi-industry group.
C. META-ANALYSIS STRATEGY
First, in this study, Fisher's Z is selected as the statistical measure of the effect size so that the correlation error is only related to the sample size and not related to the sample deviation [63] , and so that the sampling error because of the average measure of the correlation could be avoid. Second, since the fixed effect model is a special case where the standard deviation of the true correlation coefficient is 0, the random effect model contains this special case, and so this study uses the random effect model [20] . Third, in order to judge the publication bias of the effect size, the fail-safe coefficient was measured. Fourth, a meta-regression method is used by setting the time lag as the predictor. Fifth, this study used the CMA2.0 software as the calculation tool. Table 1 shows the results of the meta-analysis of the correlation between different interfirm social network variables on technological innovation under two classification methods. The results of the fail-safe coefficient test shows that the value of the fail-safe k exceeds 5 * k +10 for all variables' k s except for that of network diversity, indicating that there is no serious publication bias problem.
IV. RESULTS

A. RESULTS OF THE BASIC META-ANALYSIS
It can be seen from Table 1 that when interfirm social network variables are classified according to social capital theory, the ρ values of the structural, relational, and cognitive dimensions on technological innovation are 0.16, 0.269, and 0.127, respectively, and all of them are significant at the 0.001 level. Additionally, the Q-within-group of these three effect size is 6.372, which is significant at the 0.05 level, indicating that there is a significant difference in the impact of interfirm social networks on technological innovation when classified using social capital. Therefore, hypothesis H1, social network variables that are measured based on social capital theory have a significant and heterogeneous impact on firms' technological innovation, is supported.
When classifying interfirm social network variables according to network properties, the ρ values of brokerage, closure, network diversity, network size, and network strength on technological innovation are 0.101, 0.105, 0.064, 0.226, and 0.23, respectively, all of which are significant at 0.05 level. Additionally, the Q-within-group of these three effect sizes is 33.239, which is significant at the 0.001 level, indicating that there is a significant difference in the impact of social networks on innovation when classified using social network properties. Therefore, hypothesis H2, social network variables that are measured based on network properties have a significant and heterogeneous impact on firms' technological innovation, is supported. Table 2 shows the results of the meta-regression when the lag time is used as the predicted variable. It can be seen that in addition to the structural dimension (slope = −0.002, p > 0.1) of the social capital classification and the network size of the network type (slope = 0.001, p > 0.1), most of the values of θ are significant. That indicates that the time lag has a significant influence on the relationship between the interfirm social network and technological innovation. Therefore, hypothesis H3, the time lag has a significant and different influence on the impacts of different interfirm social network variables on technological innovation, is mainly supported. 
B. THE INFLUENCE OF THE TIME LAG
C. THE MODERATED EFFECT OF REGION 1) CLASSIFIED BY SOCIAL CAPITAL
It can be seen from Table 3 that most of the values of ρ (7 of 12 regions) are significant. The results for the other five regions were not significant because the 95% confidence interval contained 0. The value of the within-group Q-within group is 162.063 and significant at the 0.001 level. This indicates that the region is a significant moderating factor between firms' structural levels and innovation. Since the time lag has a significant impact on the influence of relationships and the cognitive dimension on technological innovation, we compared the regional moderating effects with and without considering the time lag effect. The results are shown in Table 4 .
As it is shown in Table 4 , for the relational dimension, when the effect size includes the influence of the time lag, the value of ρ for most the different regions (four of the five regions) is significant. When the influence of the time lag effect is removed from the effect size, the results show that the value of ρ between different regions' relationship levels and technological innovation does not change much. Specifically, only the US's ρ increases from 0.189 to 0.246. Additionally, regardless of whether the time lag effect is included or not, the heterogeneity of the relationship between the relational level and the firm's innovation is significant. This result indicates that the region has a significant moderating effect on the relationship between the relational level and technological innovation.
With respect to the cognitive dimension, when the effect size includes the time lag, the value of ρ is significant for two out of the four different regions. When the influence of the time lag variable is removed from the effect value, the results show that the ρ between the cognitive level and the technological innovation of each region does not change much. However, when the time lag effect is removed, the impact of the cognitive level on technological innovation is significant and heterogeneous for different regions. This heterogeneity is not significant when including the time-lag effects. This result indicates that the region is a significant moderator on the relationship between the cognitive level and technological innovation.
2) CLASSIFIED BY NETWORK TYPE
Since the time lag has a significant impact on the influences of brokerage, closure, network diversity and network strength on technological innovation, we compared the region's moderating effect without and with the time lag effect. The results are shown in Table 5 .
As it is shown in Table 5 , when the time lag effect is removed, the results show that the ρ s of brokerage, network diversity, and network strength change more or less with the significance level not significantly changing. Additionally, regardless of whether the time lag is considered or not, the heterogeneity indicator -Q-within group -is significant for brokerage, network diversity, and network strength, but it is not significant for closure. This result indicates that the region is a moderator for the relationships between brokerage, network diversity, and network strength and technological innovation, and it is not a moderator for the relationship between closure and technological innovation.
It can be seen from Table 6 that most of the ρ values (seven of the eight) are significant. In addition, there is significant heterogeneity (121.043, p < 0.001) in the impacts of the network size variables in different regions on technological innovation. This indicates that the region has a significant moderating effect on the relationship between network size and technological innovation.
In summary, no matter what theoretical basis is used to classify the interfirm social network variables, after the time lag is excluded, the resulting effects in the different regions have more or less changes, which also illustrates the rationality of Hypothesis 3. Furthermore, according to the results for when the time lag effect is excluded, the heterogeneity of the different regions' effects for most variables is significant. Therefore, the regional differences moderate the relationships between social network variables and technological innovation, and Hypothesis 4, regional differences have a moderating effect on the impact of interfirm social networks on technological innovation, is supported.
D. THE MODERATING EFFECT OF INDUSTRY 1) CLASSIFIED BY SOCIAL CAPITAL
It can be seen from Table 7 that for all the industries that are covered by the existing empirical research, the research on the relationship between the structural dimension and technological innovation shows that the ρ values of different industries are significantly different. However, the heterogeneity VOLUME 7, 2019 between the structural dimensions of different industries and the value of technological innovation is not significant. That indicates that industry is a significant moderator on the relationship between the structural dimension and technological innovation.
Since the time lag has a significant impact on the relationship between the cognitive dimension and technological innovation, we compared the industry's moderating effects with and without time lag.
As shown in Table 8 , for the relational dimension, when the effect includes the time lag, the ρ s of different industries are significantly different. When the influence of the time lag effect is removed, the results show that the values of ρ change, but the significance level has not changed. Regardless of whether we are considering the time lag or not, the heterogeneity of the relationship between the industry and enterprise innovation has been significantly improved. That indicates that the industry has a significant moderating effect on the relationship between the relational dimension and technological innovation.
With respect to the cognitive dimension, when the value of ρ includes the time lag, the impacts of the cognitive dimension variables for three of the four different industries on technological innovation are significant. When the influence of the time lag effect is removed, the results show that the significance of the value of ρ is slightly changed. Whether considering the time lag or not, the heterogeneity of the relationship between the cognitive dimension and enterprise innovation in various industries is significant. This indicates that the industry has a significant moderating effect on the relationship between the cognitive dimension and technological innovation.
2) CLASSIFIED BY NETWORK PROPERTIES
Since the time lag has significant impacts on the relationships between brokerage, closure, network diversity, and network strength and technological innovation, we compared the industry's moderating effect with and without considering the time lag.
As shown in Table 9 , when the influence of the time lag effect is removed, the results show that the ρ values of brokerage, closure, network diversity, and network strength change. Regardless of considering the time lag or not, the heterogeneity of the relationships between all variables except for the network strength of various industries and technological innovation are significant. This indicates that the industry is a significant moderating factor for the relationships between brokerage, closure, and network diversity and technological innovation, but it is not a moderator for the relationship between network strength and technological innovation.
It can be seen from Table 10 that most of the ρ values (seven of the eight) are significant. In addition, there is significant heterogeneity in the impacts of the network size variables of different industries on technological innovation. This indicates that industry has a significant moderating effect on the relationship between network size and technological innovation.
In summary, regardless of which theoretical bases are used to classify interfirm social network variables, after the time lag is excluded, the resulting effects in different industries have changes, which also illustrate the rationality of Hypothesis 3 which indicates that the time lag has a significant and heterogeneous influence on the impacts of different interfirm social network variables on technological innovation. Furthermore, according to the results after excluding the time lag, the heterogeneity of the different industries' effects for most variables is significant. Therefore, industry differences moderate the relationships between social network variables and corporate innovation, and Hypothesis 5, industrial differences have a moderating effect on the impact of interfirm social networks on technological innovation, is supported.
V. DISCUSSION
The purpose of this study was to examine the convergence and divergence of research results of many researchers testing on the relationship between interfirm social networks and technological innovation. Overall, according to the basic meta-analysis results (TABLE I) , we found that interfirm social network variables that are measured based on both social capital theory and network properties have significant and heterogeneous impact on technological innovation. We also assessed the time lag effect and the moderating effects of the regional and industrial difference on the correlation between interfirm social networks and technological innovation. The arguments that the time lag has a significant and difference influence on the impact of different interfirm social network variables on technological innovation is mainly support by the meta-regression analysis (TABLE 2) . And the results of the moderator analysis (TABLE 3-10) further support our hypothesis of the time lag effect and the moderating effect of the region and industry heterogeneity.
Our results may have the following theoretical implications.
First, we find homogeneity in the impacts of interfirm social networks on technological innovation in different studies. The results of this meta-analysis support the argument that the positive influence is larger than the negative influence. This result explains why current innovation research has increasingly encouraged the elimination of boundaries between firms. For example, open innovation theory based on the not-invented-here and not-sold-here ideas [13] , [64] , [65] , distributed innovation theory [7] and B-B (business to business) innovation [66] , [67] emphasize supply chain cooperation.
Second, this study analyzes the reasons for the heterogeneity in different study results. Some researchers have found the double-edged effect of interfirm social networks [68] , [69] . In the studies that are included in this meta-analysis, the influence of the same interfirm social network variable on technological innovation is always different, and some results even differ with respect to positive or negative. We think that this is one of the reasons why some firms can succeed in the context that increasingly emphasizes external relations and some others fail. These different results also reflect that paradoxes are inherent in socially constructed variables [70] . We believe that the following two reasons lead to the difference between these conflicting studies.
First, different temporal and spatial contexts may result in different outcomes. Our meta-analysis results also verify that the time lag and the regional and industrial difference are among the important reasons for this difference. In the classification of variables according to social capital, the time lag effect on the influences of the structural dimension and relationship dimension on technological innovation is negative, and the time lag effect on the influence of the cognitive dimension is positive. In the classification of variables according to the network type, the impact of the time lag on the influence of brokerage is negative, the time lag effect on network size is neutral, and it has positive effects on closeness, network diversity, and network strength. Similarly, we also found that there is heterogeneity in the innovation output under the influence of the interfirm social networks in different regions and industries. However, the existing research shows that the influence of the time lag is not just linear [19] , [71] . Our results lead to the theoretical implication that there needs to be more studies on understanding the time lag's effect. The differences between different countries and industries also need to be further combed and analyzed [54] , [56] .
Second, the results can be different because different studies define interfirm social networks from different perspectives. In this study, social network variables are classified according to social capital theory and social network attribute theory. From the statistical results (see Table 1 ), the credibility interval of some variables is relatively small, such as structural dimension and network size. For some other variables, the reliability interval is relatively large, such as the cognitive dimension, closeness, and network diversity. First, these differences are due to other external factors. Second, there may be deviations in the measurements and understanding of the social network variables. Hence, future theoretical research should also be deepened with respect to the unity and adaptability of social network concepts.
VI. CONCLUSION
This research collects 56 pieces of relevant research on the relationships between interfirm social networks and technological innovation. According to both social capital theory and social network properties theory, we code the social network measurement constructs as different variables. The correlations between the social network and technological innovation are determined using meta-analysis. The main conclusions can be drawn as follows.
A. THEORETICAL IMPLICATION
Both the technological innovation and interfirm social network are concepts with rich theoretical connotations. Previous research has studied the impact of different dimension of the interfirm social network on technological innovation in different time lags, different industries, and different regions. The main theoretical contribution of this research is that we compared and integrated the results of these studies, and drew a more general sense of the impact of the interfirm social network on technological innovation.
First, there is a significant and heterogeneous influence of interfirm social networks on technological innovation. In this study, all social network variables are separated using two classification methods. For most social network variables that are classified by the two methods, the results show that there is significant heterogeneity in the relationships between the variables and technological innovation. Specifically, when classifying social network variables according to social capital theory, the structural, relational, and cognitive dimensions have significant and heterogeneous impacts on technological innovation. When classifying social network variables according to the network properties, brokerage, closure, network diversity, network size, and network strength all have significant and heterogeneous effects on technological innovation. Although previous research results are different with respect to the correlation being positive or negative, the meta-analysis results support a positive correlation. The practical implication of this result is that for most firms, they should strive for an opportunistic social network position to achieve innovation.
Second, time is an important moderating variable between the interfirm social network and technological innovation. The results show that no matter what social network variables are used, the meta-regression results are significant when the time-lag is used as the predictor. This study also confirmed that region and industry both have moderating effects on the impact of social networks on firm innovation. Research on the mechanisms through which these factors interact with interfirm social networks to influence technological innovation will have important practical implications [7] , [72] , [73] . These conclusions are conducive to guiding firms to rationally formulate social network development plans and increase their chances of successful innovation.
B. PRACTICAL IMPLICATION
Our results offer some guidance as to how firms should craft their networks. We suggest that firms in different regions and industries should adopt appropriate strategies according to different time lag effects of the social network. The results of our meta-analysis indicate that time is an important moderated variable that affects the relationship between the firms' social network and technological innovation. We have known from previous study that the impact of the social network on firms' innovation is not a one-step process, but a series of processes such as information identification, information screening, information utilization, and transformation. Moreover, social networks can be measured by different variables from different perspectives. The time lag effect of some variables is positive, while the time lag effect of other variables is negative. And these effects may different in different region's environment and industries. Therefore, firms should consciously disconnect network connections that can no longer acquire new value, and look for opportunities to establish new network connections.
RESEARCH LIMITATIONS
First, the sample of 56 literatures is relatively small, and due to the problem of missing data, some artificial errors cannot be eliminated in the meta-analysis. Second, the metaanalysis in this study could only analyze the correlation of interfirm social networks and firm innovation. Although the moderating effects of the time lag, region, and industry also have been tested, the mechanisms between these variables are still complex and need more research.
